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Introduction 51 Tomato, Solanum lycopersicum, is a member of the Solanaceae family, which contains approximately 3,000 plant 52 species and includes some of the most economically important food crops. It is native to South America and was 53 brought to Europe in the 1500s and then to North America in the 1800s (Jones 1998) . Tomato is a perennial plant 54 that has two different growth habits, determinate and indeterminate. There are two different market types of 55 tomatoes, fresh market and processing. According to the Agricultural Marketing Resource Center, in 2014 the US 56 dollar value for fresh market tomatoes was 1.14 billion and 1.325 billion for processing types, which are used to 57 make products such as juice, sauces, and ketchup [2] . In addition to being an economically important food crop, 58 tomato is an excellent source of health beneficial nutrients including beta-carotene and lycopene.
59
Over the years, utilization of tomato as a model plant species has increased because of readily available 60 resources such as mutant populations (Emmanuel and Levy 2002) , bioinformatics tools (Bombarely et al. 2011), 
61
and a high quality reference genome (Consortium 2012). In addition, since the very first report of Agrobacterium-62 mediated transformation of tomato by McCormick et al. (Mccormick et al. 1986 ), there have been other reports of 63 successful transformations of different genotypes (Chyi and Phillips 1987; Fillatti et al. 1987; Frary and Earle 1996;  64 Park et al. 2003; Sun et al. 2006; Van Eck et al. 2006 ) and methods to improve transformation efficiency (Dan et al. 65 2016) . A key aspect for the adoption of a model plant species is the availability of efficient transformation 66 methodology. This was certainly the case for Arabidopsis, which is by far the most widely used model for plant 67 research programs (Somerville and Koornneef 2002) .
68
While there are several methods available for plant transformation, Agrobacterium tumefaciens-mediated 69 transformation has become the most extensively used method (Gelvin 2003; Pitzschke and Hirt 2010) . Despite its 70 effectiveness for gene transfer in tomato, there is still need for improvement. Improving methodology to decrease 71 the time from introduction of a gene construct of interest to recovery of stable transgenics would improve the 72 throughput and shorten the timeframe for studies that utilize tomato transgenic lines.
73
We were interested in finding an approach to decrease the time to obtain transgenic lines of the processing 74 type tomato M82 because this genotype is used for gene function studies in our lab as well as others (Brooks et al. 75 2014; Xu et al. 2015) . We chose to start by investigating supplementation of our standard plant regeneration and 76 rooting media with a growth regulator that had the potential to speed up plant development (Van Eck et al. 2006) .
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Cytokinins and auxins are important hormones that influence growth and developmental processes in plants.
78
Interactions between cytokinins and auxins have been shown to be necessary for the shoot apex growth (Gupta 79 and Rashotte 2012; Shimizu-Sato et al. 2009 ). Auxin has also been shown to play a role in the specification of the 80 root apical meristem (Friml et al. 2003; Gupta and Rashotte 2012; Sabatini et al. 1999) . The hormonal interactions 81 can be utilized in the area of tissue culture to leverage the presence of the hormones in the medium. In this study, 82 we report the effects of the addition of the auxin, indole-3-acetic acid (IAA) on the recovery time of M82 83 transgenic lines.
85

Materials and methods
86
Plant material 87 Seeds of Solanum lycopersicum cv M82 were surface sterilized in 20% (v/v) bleach solution containing Tween-20 88 for 20 min followed by 3 rinses in sterile water. Seeds were germinated in Magenta GA7 boxes (Caisson Labs, 89 Logan, UT) that contained 50 ml of Murashige and Skoog (MS) (Murashige and Skoog 1962) (Caisson Labs) based 90 medium containing 2.15 g/l MS salts, 100 mg/l myo-inositol, 2 mg/l thiamine, 0.5 mg/l pyridoxine, 0.5 mg/l 91 nicotinic acid, 10 g/l sucrose and 8 g/l Sigma agar (Sigma-Aldrich, St. Louis, MO). Cultures were maintained at 24°C 92 under a 16h light/8h dark photoperiod at 57 -65 uE m -2 s -1 .
93
One day prior to infection with Agrobacterium, cotyledon explants and feeder layer plates were prepared.
94
Feeder layers were prepared before cutting the explants by dispensing 2 ml of a 
155
Optimization of IAA concentration for recovery of stable transgenic lines 158 After the co-cultivation period that followed infection with Agrobacterium, cotyledon explants were transferred to 159 our standard selective plant regeneration medium designated 2ZK that contains 2 mg/l trans-zeatin as the only 160 plant growth regulator. One week later, the explants were transferred to 2ZK supplemented with different IAA 161 concentrations (0 mg/l, 0.01 mg/l, 0.05 mg/l, 0.1 mg/l, 0.5 mg/l) to determine if the addition of IAA would 162 decrease the time from infection with Agrobacterium to recovery of stable transgenic lines. We continued to use 163 this same series of IAA concentrations in the subsequent selective plant regeneration medium designated 1ZK.
164
Medium supplemented with IAA resulted in shoots that were more fully developed earlier in the culture 165 process as compared to medium without IAA (Fig. 1A) . In Figure 1A , cotyledon cultures shown in a -e represent 166 controls that were not infected with Agrobacterium. We observed that as the IAA concentration increased, the 167 level of plant regeneration from the controls decreased ( Fig. 1A, a -d ). Cotyledon explants infected with 168 Agrobacterium and cultured on medium containing IAA exhibited the same pattern of shoot development as the 169 cotyledons not infected, in that we observed more well-developed shoots at an early stage of culture post 170 infection ( Fig. 11 f -i). For our standard method without IAA ( Fig. 1A, e ), the level of plant regeneration is 171 significantly less in comparison with medium that contained IAA.
172
In general, earlier emergence of well-developed shoots from Agrobacterium-infected cotyledon explants on 173 medium containing IAA translated to the recovery of whole rooted plants in less time as compared with medium 174 that did not contain IAA ( 
226
The focus of our study was to investigate medium components that had the potential to decrease the time for . Therefore, a transformation methodology that can deliver 234 modified lines in a shorter time frame will help to advance these studies.
235
Our standard protocol is a modified version of methods reported by Fillatti et al. (1987) in which zeatin is the 236 only growth regulator incorporated into the plant regeneration medium (Van Eck et al. 2006) . We chose to start 237 our investigation by examining additional growth regulators that, in combination with zeatin, would greatly reduce (Gubis et al. 2004; Park et al. 2003; Yasmeen 2009 ). However, they did not 242 report any effects observed on the time required to recover transgenic plants.
243
We found that addition of either 0.05 or 0.1 mg/l IAA to our standard plant regeneration medium that 
254
In addition to supplementation of the standard plant regeneration medium with IAA, we also investigated 255 effects of adding IAA to the rooting medium, which was not a component in our standard rooting medium.
256
Inclusion of IAA in in vitro rooting medium has been reported for tomato, however, it is not routinely added 257 because tomato readily develops roots in culture medium without growth regulators (Frary and Earle 1996) . Our 258 interest was to determine if supplementation decreased the time to rooting, which we did observe. Auxin is 259 produced in both shoots and roots and the auxin produced in the roots helps in root development ( 
